Background The importance of paternal determinants in the occurrence of low birthweight and prematurity is not well known. We investigated these outcomes in siblings and paternal half siblings as a function of changes in putative external determinants between two births in fathers who had experienced the birth of a premature and/or low birthweight (PTB/LBW) infant.
Low birthweight (LBW) and preterm delivery are major causes of infant mortality and occur in approximately 5% and 6% of births in Denmark, respectively. 1 Maternal smoking, parity, socioeconomic status, [2] [3] [4] [5] [6] [7] [8] [9] and other determinants of birthweight and duration of pregnancy on the mother's side are established risk factors. [10] [11] [12] A tendency to repeat a similar gestational age and birthweight has been reported in several studies, [13] [14] [15] but it is not known whether this is due to genetic or time stable non-genetic factors. Gestational age, unlike birthweight, does not seem to correlate between generations, 16 but it has been suggested that maternally transmitted genetic factors may play a role. 3 Parental birthweight accounts for only a small portion of the variation in infant birthweight at term. 17 The father's role for these outcomes is not well known, and maternal characteristics are believed to have a greater influence on fetal size than paternal characteristics. 12 Paternal genetic factors probably play a role and paternal birthweight has been found to be associated with infant birthweight, 18 which correlated also with height of the father, 19, 20 but this may be due to a correlation between the size of the parents. 11 A high degree of HLA sharing between parents has been hypothesized as a possible mechanism for increasing the risk of preterm delivery. 21 Environmental factors may act on these outcomes by changing paternal germ cells or by being transmitted to the embryo through the seminal fluid.
In a previous article 22 we studied the recurrence risk of LBW according to changes in putative risk factors in mothers whose previous child (index child) was born with a birthweight of Ͻ2500 g, and in mothers whose index child was born with a birthweight of у2500 g. An analogous study was done for preterm delivery. 23 Change of male partner did not reduce the risk in mothers who previously had an LBW or preterm child, which pointed towards the major importance of maternal factors. We found a moderately increased risk for both outcomes after change of male partner in women who had not had a LBW or preterm child as the index child, and we could not rule out that confounding may have masked a paternal effect. This issue is further explored in this paper.
In this study we examine children born to fathers whose index child was born either premature and/or with LBW. The cohort was studied according to whether the index child was (i) born preterm with a birthweight of у2500 g, (ii) born preterm and with LBW, and (iii) born with LBW but not preterm. The risk of preterm delivery and LBW in the younger sibling (outcome child) was studied as a function of changes in female partner, type of municipality, occupation and socioeconomic status of the father between the two births. 24 
Methods

Subjects and data
The National Board of Health and Statistics Denmark provided data for this study. The Medical Birth Registry is located at the National Board of Health, which has computerized records of all births in Denmark since 1973. The Fertility Database covers the entire Danish population of reproductive age and any child with at least one registered parent, provided they have a permanent address in Denmark. The Database links data from several sources in order to obtain the best possible registered data on family composition and other socio-demographic variables. 25 All live infants born with a birthweight of Ͻ2500 g and/or a gestational age Ͻ37 completed weeks between 1980 and 1992 were identified in the Medical Birth Registry; each infant was then linked to his/her father by means of a unique identification number given to all Danish residents. Fathers were included in the study if they had a live-born infant who was premature and/or with LBW and who was followed by a younger sibling or half sibling born to the same father. Any pair of siblings in which data on gestational age and/or birthweight were missing in one or both births were excluded (688 pairs), and 30 additional pairs were excluded because of missing data on municipality. Altogether 14 147 pairs of infants were studied. Fathers and outcome children were identified through the Fertility Database and the studied outcomes were LBW and preterm delivery in the second infant in the pair.
Gestational age is estimated on the basis of the last menstrual period date (LMP), but this estimate is often checked by means of ultrasound measures and corrected if necessary. In the registry the 'best estimates' are recorded without reference to the source of information actually used.
The recurrence risk of LBW was studied in fathers whose previous child was LBW. Data were analysed separately according to whether the index child was born preterm or after the completion of the 37th week of gestation (5687 and 4225 infants, respectively). An analogous design was applied to preterm deliveries, where outcome births were studied separately according to whether the index child had a birthweight of Ͻ2500 g or not (5687 and 4065 infants, respectively). The subgroup of younger siblings of LBW/preterm babies, overlap entirely. Since we work with national registries, about 90% of the studied infants overlap with those previously studied in the cohorts based upon mothers. 22, 23 
Data analysis
Social status of the father was categorized into three levels based upon a 10-point classification system used by Statistics Denmark according to the occupation held at 1 January of the year in which the child was born. In the low social class the following categories were included: unemployed, retired, unskilled manual workers. In this category unspecified and unknown job levels were also included (for fathers: 2422 in the index birth, and 1330 in the outcome birth). In the middle category were office workers, students, skilled manual workers and those assisting the spouse. Finally, in the high category were all highranking office workers, managers, self-employed office workers and small enterprise or shop owners.
Occupation was originally classified according to the International Classification of Industries; 26 'high risk occupations' were a priori selected based upon the existing evidence as involving potential exposure to chemicals, pesticides, heavy metal, etc. We then estimated the risk associated with changing occupation risk level between the two births.
We classified municipalities as urban and rural, and the risk associated with moving from one to the other was estimated. If a municipality had less than 33% of the total population living in an urban setting, the municipality was defined as rural.
Mean birthweight and gestational age were compared with a one way ANOVA adjusted for maternal age between the groups defined by the outcome in the index birth and within categories of partner change.
The rate ratios were estimated through multivariate logistic regression models where the reference category was that for fathers in which no changes in any of the putative factors occurred between the two births. Analyses were adjusted for social status of the couple (the highest social status member of the couple determined that) at the time of birth of the index child and maternal social status, age of the mother and parity at the time of birth of the outcome child.
Results
The cohorts are described in Table 1 . The highest prevalence of both LBW and preterm delivery was seen in the sub-cohort in which both events occurred in the index child. In younger siblings of infants born preterm, but with a birthweight of у2500 g, the risk of LBW was low. A similar finding was seen for preterm delivery in siblings of infants born at term with LBW. The three cohorts were similar with respect to the other characteristics.
In Table 2 the mean birthweight and gestational age (recorded in completed weeks) are shown for each sub-cohort. The means in the outcome birth are reported according to whether the mother was the same or had changed. A one-way ANOVA comparing means within those who did not change partner showed that the means of birthweight and gestational duration were significantly different between the groups defined by the outcome in the index birth (for gestational age: F 2,12728 = 164.6, P Ͻ 0.001; for birthweight: F 2,1278 = 502.4, P Ͻ 0.001). An analogous ANOVA performed within those who changed partner showed no significant differences between the three sub-cohorts (for gestational age: F 2,1441 = 0.22, P = 0.8; for birthweight: F 2,1441 = 0.08, P = 0.9).
The estimated rate ratios of recurrence of preterm delivery are shown in Table 3 . The only factor that significantly reduced the recurrence risk was change of female partner, especially in the cohort defined by index infants born preterm and with LBW. None of the other studied factors had an impact, though there was a low recurrence of preterm delivery associated with downward social mobility of the father when the whole cohort defined by a premature index child was analysed jointly.
As reported in Table 4 , the findings are similar to those for preterm delivery, with changing mother the only significant PATERNAL EFFECT ON BIRTH OUTCOME 697 factor. It is worth noting, however, that when the number of gestational weeks in the outcome birth was used to adjust the estimated rate ratios, there was a slightly higher (albeit still Ͻ1) rate ratio associated with change of partner in both the subcohorts defined by LBW in the index birth. In the cohort identified by the birth of an index child both premature and with LBW, the rate ratio for partner change increased from 0.35 (95% CI : 0.21-0.57) to 0.71 (95% CI : 0.32-1.57). This points towards the fact that the beneficial effect of change of partner acted through an increase in gestational length. In the sub-cohort defined by an index child born with a LBW but not preterm the rate ratio for partner change varied from 0.43 (95% CI : 0.24-0.78) to 0.48 (95% CI : 0.23-1.01). This finding suggests that the impact of gestational length was less important when the mother was at risk of giving birth to a growth retarded infant. The only other difference in the results from those not adjusted for the number of gestational weeks was seen for fathers who changed to a low-risk occupation between the two births. This effect was, however, only seen for the preterm birth/LBW subcohort (RR = 0.59; 95% CI : 0.37-0.95, data not shown).
The effect of changes in environmental factors was also examined in the subgroup of fathers who did not change their partner between the two births, but no significant variations in the estimates were observed.
Fathers who changed partner had offspring with a slightly increased risk of LBW (7.6%; 95% CI : 6.0-9.1) and preterm delivery (7.4%; 95% CI : 5.7-9.0) compared with the risk in the general population (5 and 6%, respectively). Table 3 Rate ratios (RR) a (95% CI) of preterm delivery as a function of changes in putative factors between the two births. The index child was born preterm. The cohorts are defined according to presence/absence of previous low birthweight (LBW)
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Index child PTB b /not LBW Index child PTB/ LBW Whole PTB cohort RR (95% CI) RR (95% CI) RR (95% CI)
No changes in any factor 1.00 1.00 1.00 
Mother changed
Discussion
Our results do not indicate a paternal effect on LBW and preterm delivery related to the exposures under study. The study strongly suggests that most of the important genetic determinants operate through the mother but cannot, of course, rule out that specific paternal exposures may play a role. A different design and much more accurate exposure data would be needed to detect this. A moderately high effect of social status was, however, associated with the same outcomes on the mother's side. 22, 23 The birthweight and length of gestation of infants born to fathers who had changed partner between the two births was independent of the outcome in the index birth, while the outcome in fathers who did not change partner differed according to the outcome in index birth. Unfortunately, we did not have a sub-cohort defined by index infants born at term and not LBW with which to compare these figures, which could have further corroborated the present findings. The slightly increased risk of both outcomes in fathers who changed partner may be explained by the fact that mothers in this group were at higher risk of LBW and preterm delivery since they were younger and of lower social status and parity. 2, 3, 5, 6 Previous studies showed that maternal genetic factors contribute only to a small extent to infant birthweight, while other maternal factors, 3, 5, 13 fetal genes and environment explain most of the observed variation. 27, 28 Paternal genetic factors are believed to be of little importance for preterm delivery and LBW, 12 though they seem to have an impact on birthweight as such. 18 A recent study 21 reported, however, a moderate decrease in the risk of early preterm delivery in women who changed partner after a previous preterm delivery.
Misclassification of gestational age affects the identification of the three cohorts and the outcome of preterm delivery. Most likely, the amount of misclassification was higher in the cohorts which were discordant for the presence of preterm delivery and LBW. Random misclassification would probably bias the rate ratios towards unity in a study of this size. The finding that the sub-cohort defined by an index child born LBW and preterm delivery suggested, however, that changing female partner acts through gestational age. Since this was seen to a much lesser extent in the sub-cohort in which the index child was not premature, this speaks in favour of a limited amount of misclassification. These findings are expected if gestational age were correctly classified.
We did not see any impact of father's social mobility on the risk of LBW and preterm delivery, which differs from our previous findings, in which social status of the couple was used as an indicator. 22, 23 The finding that a decline in social status reduced the risk of recurrence of preterm delivery may be explained by the fact that, among fathers who declined in social status, there was a remarkably lower proportion of preterm delivery when the mother's social status was high (5/95, 5.2%). On the other hand, the risk of prematurity in mothers in the highest social status when fathers did not change (211/1235, 17.1%) or raised (64/392, 16.3%) their social status between the two births was similar to that of mothers in the low and middle groups.
If fathers do not have a major impact on birthweight and duration of gestation, offspring of fathers in the three subcohorts who change partner are expected not to differ between the sub-cohorts, while offspring of fathers who do not change partner are expected to differ. The analyses corresponded to these predictions and suggested only a modest effect of the father's contribution to birthweight.
Our results confirm the well-known importance of maternal factors in the occurrence of preterm delivery and LBW, but do not indicate that global indicators of exposures are predictive of these outcomes on the father's side.
